The fundamental emission of Nd:YAG laser (1064 nm), with an energy 0.1 J/pulse and a repetition rate of 10 Hz was employed to synthesize nanoparticles with the laser ablation method confined in methanol. Furthermore in the synthesis was used an experimental design that allow injection Argon gas to prevent combustion. The sample showed an absorption peak characteristic of copper nanoparticles. The optical properties of nanoparticles were analyzed by comparing the experimentally absorption with the extinction efficiency of the Mie Theory, including in the theoretical calculations a size distribution obtained through in the micrographs, resulting in both spectrum present an absorption peak ≈ 570 nm. Meanwhile, in these nanoparticles was used the Energy dispersive x-ray spectroscopy (EDS) showing high purity of the copper element.
Introduction
Metallic nanoparticles are being very interesting in different disciplines due to their optical and electronic properties that present in size nano scale. One of the main characteristics of these nanoparticles is an absorption peak in the visible spectra which is extensively related to the superficial plasmon resonance. Specially, copper nanoparticles show an absorption peak around 570 nm, their are increasing the attention as application in nanofluids, lubrication, catalysis, light emitting diodes and because they are significantly lower cost than gold and silver [1, 2] .
The laser ablation technique is an alternative method reported for the first time in 1993 and since then, the number of articles published of this method is increasing [3] . This is because, the method offers certain advantages, such as the short time for the synthesis and it is not necessary use reagents that may contaminate their surface. This happen, thanks to generation of the plasma due to high power laser interaction on a solid target immersed in a liquid medium. The plasma is constituted for ions, atoms and electrons of the solid material confined for the high density of the medium, while electronic recombination is attribute to the rapid cooling, causing the ions to pass to their neutral state, favoring the nanoparticles formation [4] . However to obtain copper nanoparticles, the solvent plays an important role in the synthesis, for instance, employing the laser Nd:YAG on copper solid immersed in ethanol and acetone, using UV-Vis spectroscopy, both samples display an absorption peak near to 590 nm, whereas in distilled water this peak is absent, indicating oxidized nanoparticles [5] . On the other hand, there is an article reporting high quality of copper nanoparticles oxide-free with the molar concentration of polyvinylpyrrolidone (PVP) in distilled water. To analysis the purity of this sample, they used diffraction X-ray technique where nanoparticles obtained in PVP showed copper crystalline phases [6] .
The aim of this work was to obtain copper nanoparticles by laser ablation method in a safe environment and analyzes the purity of these nanoparticles. The sample prepared in methanol was characterized with UV-Vis spectroscopy and Transmission electron microscopy. In addition, to get knowledge of the purity of nanoparticles was used the Mie Theory and energy dispersive x-ray spectral analysis technique
Experimental
We employed the fundamental emission of Nd:YAG laser (1064 nm), with an energy 0.1 J/pulse, laser fluence of 12.7 J/cm 2 , a repetition rate of 10 Hz and used the experimental design reported by Oseguera et al. in the synthesis, where they prepared silver nanoparticles in inflammable solvents [7] . They show a design to allow inject a flux of high purity Argon gas to purging Oxygen to from the vessel in order to prevent combustion ignition. In this case, we employed a copper solid as a target, during the interaction with the laser irradiation that was 10 min, the target was kept fix and it was immersed in 15 ml of methanol and distilled water. It should be mentioned, in distilled water it was not used Argon gas. particles were prepared on nickel grid for observation by the transmission electron microscopy JEOLJEM-2100F and Energy dispersive x-ray spectroscopy (EDS). In addition, the size distribution of nanoparticles were obtained through the analysis of micrographs Figure 1 shows absorption spectra of nanoparticles suspension in distilled water and methanol. We can mentioned some differences in the spectra, in methanol present the absorption peak around 570 nm, which is related to the localized surface plasmonic resonance of copper nanoparticles nearly spherical, this according with the Mie theory where the peak absorption shift depend of particles size and of the optical properties of the solvent [8] . However, in distilled water the absorption peak is absent, it has the appearance of oxidized nanoparticles (CuO or Cu2O), indicating that oxidation of copper took place due to presence of oxygen in water, as has been reported elsewhere [9, 10] . Figure 2 presents a micrograph of nanoparticles obtained in methanol, as observe, they tend to agglomerate and the shape that they show is quasi spherical, regarding the geometry there is some correlation with the absorption peak of nanoparticles suspended in this solvent. In the figure 3 is presented the corresponding size distribution, the histogram was fitted with Gaussian curves, where the main peak is centered around 22 nm while the other is centered to a bigger size 54 nm, central position of these peaks as well as their standard deviation is show in the figure, resulting a wide size distribution. To analyze optical properties of Cu nanoparticles obtained in methanol from data of UV-Vis spectrum, we used the Mie theory for the calculated numerical of the extinction efficiency due to the relation of this function have with the experimentally absorption [11] . In this case, in the FORTRAN code was assumed the refractive index of methanol, whereas the complex refractive index of a bulk Cu was taken from the experimental work of Jhonson and Chistry et al 1972 [12] . In addition, we calculated the weighted mean of extinction efficiency, which take account the histogram of the size distributions (figure 3), so that we can represented it by ( ) ( )
Results and discussion
Where Qext is the extinction efficiency of a spherical particle of radius r , n(ri) is the particles number with the same radius and N is the total number particles of the size distribution. In the figure 4 , is compare the absorption experimental spectrum of nanoparticles in methanol with the theoretical extinction efficiency, resulting that in both spec- 
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Water tra the absorption peak is around 570 nm and have similar appearance in the range of 400-500 nm. Nevertheless, the experimentally absorption from 600 nm is biggest; it is possible that agglomeration of nanoparticles as a showed in the micrographs must be included this effect in the FORTRAN code to better the theoretical spectrum adjustment. On the other hand, this spectral comparison suggests that nanoparticles obtained in methanol have certain purity of Cu. Respect to the analysis the purity of nanoparticles; they were characterized by energy dispersive X-ray spectroscopy (EDS). Figure 5 , present all elements analyzed and inside is the image where EDS was done. According to the result, a strong k-alpha peak about 8 KeV confirm the presence of Cu, meanwhile the second peak was due to Ni grid. It is worth mentioned that we analyzed EDS in other micrographs and similar results was found, indicating the nanoparticles were oxygen free 
Conclusions
Our result suggest, some correlation between the experimentally absorption with the extinction efficiency with a given size distribution, resulting that in both spectra present the absorption peak characteristic of Cu nanoparticles, being this useful to acquire better knowledge of optical properties of this kind of materials. Furthermore, employing the energy dispersive X-ray spectroscopy, Cu was the element analyzed in nanoparticles. So that, we can conclude had successfully obtained copper nanoparticles in methanol, using laser ablation technique in an argon gas environment.
